Aldehyde dehydrogenase class 3 (ALDH3) constitutes 20-40% of the total water-soluble proteins in the mammalian cornea. Here, we show by Northern blot analysis that ALDH3 expression in the mouse is at least 500-fold higher in the cornea than in any other tissue examined, with very low levels of expression detected in the stomach, urinary bladder, ocular lens, and lung. Histochemical localization reveals that this exceptional level of expression in the mouse cornea occurs in the anterior epithelial cells and that little ALDH3 is present in the keratocytes or corneal endothelial cells. A 13-kbp mouse ALDH3 promoter fragment containing >12 kbp of the 5 flanking sequence, the 40-bp untranslated first exon, and 29 bp of intron 1 directed cat reporter gene expression to tissues that express the endogenous ALDH3 gene, except that transgene promoter activity was higher in the stomach and bladder than in the cornea. By contrast, when driven by a 4.4-kbp mouse ALDH3 promoter fragment [1,050-bp 5 flanking region, exon 1, intron 1 (3.4 kbp), and 7 bp of exon 2] expression of the cat reporter gene was confined to the corneal epithelial cells, except for very low levels in the liver, effectively reproducing the corneal expression pattern of the endogenous ALDH3 gene. These results indicate that tissue-specific expression of ALDH3 is determined by positive and negative elements in the 5 flanking region of the gene and suggests putative silencers located in intron 1. We demonstrate regulatory sequences capable of directing cornea-specific gene expression, affording the opportunity for genetic engineering in this transparent tissue.
The isolation of tissue-specific promoters and enhancers has allowed developmental mechanisms and functions of individual tissues to be examined experimentally at the molecular level in transgenic mice. Additionally, the ability of these promoters and enhancers to target the expression of foreign genes to a specific tissue affords researchers the opportunity to pursue potential gene-based therapeutic strategies. The eye in particular has a number of highly specialized tissues that have long served as models for development and cellular specializations. In the ocular lens, the development and use of lens-specific promoters derived from crystallin genes has led to significant insights into the regulation of gene expression and cellular processes (1, 2) . Similarly, use of retina-specific promoters has led to a greater understanding of gene expression and differentiation in this complex ocular tissue (3) (4) (5) . The expression of several proteins at crystallin-like levels in the cornea (6) (7) (8) offers the potential for development of tissue-specific promoters in this ocular tissue as well. The development of such a tissue-specific promoter for the cornea is of special interest considering its direct importance to vision and, because of its surface location, its accessibility for receiving foreign genes.
The avascular cornea is structurally and functionally specialized to provide a protective barrier between sensitive ocular tissues and the external environment. An anterior continuation of the opaque sclera, the transparent cornea, is covered by a nonkeratinized, stratified squamous epithelium with a slow cycling stem cell population localized in the peripheral limbal region. Examination of mammalian corneas reveals that a single 54-kDa protein accounts for 5-40% of the total water-soluble protein in the epithelium (6, 7, (9) (10) (11) (12) . Enzymatic (6, 13, 14) and molecular (9, 15, 16) characterization identified this 54-kDa corneal protein, originally described in bovine cornea and designated BCP 54 (17) , as a class 3 aldehyde dehydrogenase (ALDH3: aldehyde:NAD(P) ϩ oxidoreductase, EC 1.2.1.3). Low levels of constitutively expressed ALDH3 also have been observed in several nonocular tissues (stomach and bladder), and induced expression of ALDH3 has been reported in several carcinomas and in response to xenobiotic activating agents (18) .
As the anterior-most layer of the cornea, the epithelium is faced with continual impingement by environmental stressors, such as UV radiation, that can have deleterious effects on cellular function. The abundant expression of ALDH3 in the corneal epithelium is believed to play a role in protecting this vital tissue, as well as the rest of the eye, from damage generated by UV exposure (6, 19) . With a demonstrated substrate preference for the medium-length aliphatic aldehyde products of UV-induced lipid peroxidation, ALDH3 is thought to be responsible for preventing the accumulation of these cytotoxic products in the cornea (6, 19) . In addition to its detoxification function, ALDH3 also may protect the eye by the direct absorption of UV radiation. The high UV-absorbing capacity of ALDH3, which has been attributed both to its high tryptophan content and to its ability to bind NAD, has led some investigators to ascribe the term ''absorbin'' to this major corneal protein (10) . In the present study, we show that a promoter fragment derived from the mouse ALDH3 gene is capable of targeting expression of the chloramphenicol acetyltransferase (cat) reporter gene specifically to the epithelial layer of the cornea in transgenic mice, mimicking the expression pattern of the endogenous ALDH3 gene.
MATERIALS AND METHODS

Identification and Cloning of the Mouse Corneal ALDH3
Transcript. 5Ј rapid amplication of cDNA ends (RACE) (Life Technologies, Grand Island, NY) was used to identify the ALDH3 transcriptional start site. First strand cDNA synthesis involved reverse transcribing 1 g of total RNA from mouse and human cornea with gene-specific synthetic oligonucleotide primers (5Ј-GATGGTGAGGTTGAAGGGGTAGTT-3Ј, GSP1) corresponding to the coding sequence in exon 3 of the rat and human ALDH3 genes. On completion of the first strand synthesis, the mRNA templates were degraded by treatment with RNase H. A poly(dCTP) tail was added to the 3Ј end of the cDNAs with terminal D transferase. Amplification of the cDNAs was accomplished with a second genespecific oligonucleotide primer corresponding to a region of exon 3 located 24 bp upstream of GSP1 (5Ј-CAGGGGCTC-CGAGTGGATGTAGAG-3Ј, GSP2) in conjunction with the anchor primer provided by the manufacturer. The resulting 5Ј RACE products were inserted into the unique Srf I site of the pCRScript (Stratagene) cloning vector. The sequence of the mouse and human ALDH3 cDNAs was determined by the dideoxy method. The 3Ј end of the mouse cornea ALDH3 transcript, consisting of exon 3 through the polyadenylation signal, was determined with 3Ј RACE. A poly(dTTP) primer was used to reverse transcribe DNA copies from cornea RNA. mRNA templates were removed by treatment with RNase H, and PCR amplification was performed with a gene-specific oligonucleotide primer (5Ј-GATGACCTCTACATCCACTC-GGAG-3Ј) and the poly(dTTP) primer. The resulting 3Ј RACE product was inserted into the unique Srf I site of the pCRScript cloning vector and sequenced by the dideoxy method.
Northern Blot Analysis of ALDH3 Expression in Adult Mouse Tissues. Total RNA was prepared from the indicated tissues with RNAzol (Tel-Test, Friendsworth, TX), and concentrations were calculated from A 260 determinations. RNA integrity and loading amounts were assessed by examining 18 S and 28 S ribosomal RNA banding of samples electrophoresed under nondenaturing conditions and stained with ethidium bromide. For analysis of ALDH3 mRNA levels, total RNAs (1-20 g) were resolved by formaldehyde-agarose gel electrophoresis, transferred to GeneScreen Plus membrane (DuPont), and UV-crosslinked. Blots were prehybridized at 65°C in a solution containing 6ϫ standard saline citrate [1ϫ SSC ϭ 0.15 M sodium chloride͞0.015 M sodium citrate, pH 7.0 (SSC)], 0.1% Ficoll™ 400, 0.1% polyvinylpyrrolidone, 0.1% BSA, 1% SDS, and 100 g͞ml sheared salmon sperm DNA. The prehybridization buffer was replaced with fresh buffer containing the [␣-32 P]dCTP-labeled cDNA probe(s) (Ϸ10 9 cpm), and the blots were hybridized overnight at 65°C. Blots were washed sequentially in buffer A (6ϫ SSC͞0.1% SDS) and buffer B (2ϫ SSC͞0.1% SDS) at 65°C, rinsed briefly in 2ϫ SSC at room temperature, and autoradiographed on XAR film (Kodak) for 1-3 days at Ϫ80°C.
Screening of a Mouse Genomic Library for ALDH3-Positive Clones. A FIX II mouse genomic library (Stratagene) was screened with cDNA probes to mouse ALDH3 (described above). Secondary and tertiary screenings of positive clones were carried out with exon-specific [␥-32 P]dATP end-labeled oligonucleotide probes, corresponding to sequences contained within exons 1, 3, 7, and 11 of the ALDH3 gene. Primary screening hybridizations with the cDNA probes were carried out at 65°C. Hybridized filters were sequentially washed in buffer A (6ϫ SSC͞0.1% SDS) and buffer B (2ϫ SSC͞0.1% SDS) at 65°C, rinsed briefly in 2ϫ SSC at room temperature, and autoradiographed on XAR film for 1-3 days at Ϫ80°C. Secondary and tertiary screening hybridizations and washes were carried out at 55°C. A 16-kbp genomic clone, found to contain the 5Ј end of the mouse ALDH3 gene, was subcloned into the NotI site of pBlueScript (Stratagene) and subjected to dideoxy sequencing with vector-specific and ALDH3-specific oligonucleotide primers.
Histochemical Localization of ALDH3. Enucleated mouse eyes and corneas isolated from enucleated monkey eyes by circumcision just lateral to the limbus were placed in molds containing Tissue Tek (Miles Scientific) and quick frozen on dry ice. Human corneas obtained from Lions Eye Tissue Bank (St. Louis, MO) were removed from storage media, rinsed in PBS, and embedded in OCT as above. Cryostatic sections were collected on uncoated glass slides and stored at Ϫ80°C until use. For histochemical localization of ALDH3 activity, sections were allowed to warm to room temperature before being placed in a histochemical staining solution (20) containing benzaldehyde (25 mM), NADP (1.5 mM), phenazine methylsulfate (0.32 mM), nitro blue tetrazolium (1.5 mM), 10% polyvinyl alcohol, and 10 mM sodium azide. The reaction was allowed to proceed for 5 min, and the sections were rinsed thoroughly and fixed for 10 min in 4% glutaraldehyde. After rinsing, coverslips were mounted, and the sections were viewed and photographed with a Zeiss Axiophot microscope.
Construction of cat Reporter Transgene and Generation of Transgenic Mice. A 12-kbp XbaI fragment (Xb12) of the mouse ALDH3 gene, which included exon 1, 29 bp of intron 1, and Ϸ12 kbp of the 5Ј flanking sequence, was cloned into the polylinker region of the promoter-less reporter vector pCAT basic (Promega). A second promoter fragment (Ϫ1050INT), consisting of 1,050 bp of the 5Ј flanking sequence, the 40-bp untranslated exon 1, the 3.4-kb of intron 1, and 7-bp of exon 2 was generated by PCR from a 16-kbp mouse ALDH3 genomic clone and inserted into the polylinker of pCAT basic. For the generation of transgenic mice, the promoter͞reporter mini genes (XB12͞cat and Ϫ1050INT͞cat, respectively) were excised by restriction endonuclease digestions (Life Technologies) and purified from agarose gels with Geneclean II (Bio 101). Transgenic mice were generated by using standard strategies (21) .
Analysis of CAT Expression in Transgenic Mice. To assay for CAT activity, tissues of interest were obtained from transgenic animals at the time of killing and immediately placed on ice. After homogenization, cellular debris was pelleted by centrifugation at 14,000 ϫ g for 10 min, and the water-soluble fraction was retained for analysis. Before assaying for CAT activity, samples were heated at 65°C for 15 min, followed by centrifugation for 10 min at 14,000 ϫ g. The concentration of protein in the final fractions was determined with the BCA™ method (Pierce). CAT activity was assayed with a biphasic assay (22) with 3 H-acetyl CoA (DuPont͞NEN) as substrate. A direct histochemical assay for CAT activity (23) was used to localize reporter gene expression in the cornea. Eyes were excised from 10-week-old transgenic mice, fixed in 5% paraformaldehyde in PBS, washed twice in PBS, placed in Tissue Tek, frozen on dry ice, and stored at Ϫ80°C until used. Cryosections (8 m) were collected on uncoated glass slides, allowed to air dry for 5 min, and washed in PBS for 5 min. The slides were then removed from PBS, excess buffer was eliminated, the tissue sections were overlain with the staining solution (8 mM sodium citrate, 3 mM copper sulfate, 5 mM potassium ferricyanide, 4 mM chloramphenicol, 0.3 mM acetyl CoA, and 63 mM sodium maleate at pH 6.0), and the slides were placed in a humidified chamber at room temperature for 6-12 h. The reactions were terminated by washing three times in PBS, and the sections were dehydrated in ethanol, cleared in xylene, and coverslips were affixed with Permount (Fisher Scientific). Reacted sections were viewed and photographed with a Ziess Axiophot microscope.
RESULTS AND DISCUSSION
Mouse ALDH3 cDNA. In the present investigation, 5Ј and 3Ј RACE techniques were used to determine the transcriptional start site and sequence of ALDH3 transcripts expressed in the mouse cornea. Analysis of the resulting cDNA products revealed a ϩ1 transcriptional start site 45 bp upstream of the ATG translational initiation codon, in agreement with that identified for both constitutive and induced ALDH3 mRNAs in rats (24, 25) and humans (26, 27) . Additionally, the 5Ј untranslated region of the mouse corneal ALDH3 transcript is 87% and 64% identical with published rat (24, 25) and human (26, 27) sequences, respectively. Surprisingly, comparison of the mouse cornea ALDH3 transcript with a previously reported mouse ALDH3 cDNA (28) 
within the 5Ј noncoding regions. Analysis of the mouse ALDH3 gene (see below) showed that our 5Ј noncoding sequence, not reported earlier (28) , is present in a distinct upstream exon. Significant interspecies sequence conservation is seen in the coding region with the mouse ALDH3 transcript sharing identities of 90% and 80% with published rat (24, 29) and human (26) ALDH3 cDNAs, respectively. When the deduced amino acid sequence of mouse ALDH3 is compared with that of rat and human ALDH3, the identities rise to 96% and 89%, indicating the highly conserved nature of the ALDH3 protein.
Cornea-Preferred ALDH3 Expression. Northern blot analysis, utilizing total RNA isolated from mouse tissues, showed that the ALDH3 transcript is highly expressed in the cornea, with little or no expression detected in the other examined tissues (Fig. 1A) . Scanning densitometry of Northern blot autoradiograms indicated that ALDH3 expression in the cornea is at least 500-fold higher than in the next highest expressing tissue (stomach), clearly establishing ALDH3 as a cornea-preferred transcript although not strictly a corneaspecific transcript. Significant levels of ALDH3 transcript also were found in human and bovine corneas (Fig. 1B) , consistent with protein expression (7, 30) . In Northern blot analysis to compare transcript levels in human corneal epithelial and endothelial cells, abundant expression of ALDH3 was detected only in the epithelial layer (Fig. 1B ). An additional Northern blot experiment, in which the autoradiogram was purposely overexposed, revealed trace amounts of ALDH3 mRNA in the bladder, lens, and lung (Fig. 1C) but not in any other adult mouse tissues (data not shown).
ALDH3 Localization in the Mouse Cornea. Hematoxylin͞ eosin staining of the central region of the adult mouse cornea ( Fig. 2A) demonstrates the presence of three distinct cell types: (i) the anterior epithelial cells, (ii) keratocytes located within the collagenous stromal layer, and (iii) a layer of endothelial cells forming the posterior extent of cornea. Histochemical staining shows ALDH3 activity to be primarily within the epithelial layer of the mouse (Fig. 2B) , monkey (not shown), and human (not shown) corneas. Immunohistochemical localization (W.T.K. and I. Gipson, unpublished work) confirmed restriction of ALDH3 protein expression to the corneal epithelium. Northern blot analysis (see Fig. 1B ) and in situ hybridizations (W.T.K., F. X. Yu, J. Guo, and J.P., unpublished work) also indicated that the abundant expression of ALDH3 mRNA in the cornea is localized to the anterior epithelial cells. These findings differ from earlier studies that reported, in addition to high levels in the epithelia, ALDH3 immunoreactivity in the stroma and endothelium of bovine (30, 31) , porcine (31), ovine (31) , and baboon (31) corneas. Within the epithelial layer, ALDH3 activity was highest in the cells of the central cornea with expression diminishing near the transition to the stem cell-containing limbus (Fig. 2D) .
ALDH3 Promoter Isolation. We next attempted to identify a mouse ALDH3 promoter fragment that is active specifically in the cornea of transgenic mice. RACE-generated cDNAs were used as probes to obtain a 16-kbp ALDH3 genomic fragment with its 3Ј terminus within exon 2, 111 bp downstream from the translation start site. The transcription initiation site and 40-bp noncoding first exon also were identified, residing 3.4 kbp upstream from the translational initiation ATG codon located in the second exon (Fig. 3) . A TATA box and numerous potential regulatory sequences were present within the first kilobase pair of the 5Ј flanking sequence of the mouse ALDH3 gene (Fig. 3) . Examination of 5Ј flanking regions of other genes found to be highly expressed in the cornea (24, 27, 32) revealed a similar array of candidate binding sites for transcription factors.
Cornea-Preferred Promoter Activity in Transgenic Mice. Although cultured hepatoma cells have been used to study induced expression of the rat ALDH3 gene (33) (34) (35) , examination of available primary and simian virus 40-transformed corneal epithelial cells showed that the endogenous ALDH3 gene is not expressed in cultured corneal cells (data not shown). Similarly, ALDH3 activity declines in intact rat corneas placed in culture (25) . We thus resorted to transgenic mice to examine the ability of mouse ALDH3 promoter fragments to direct reporter gene expression in the cornea. Five independent lines of transgenic mice were generated with a 12-kbp XbaI fragment of the mouse ALDH3 gene, encompassing Ϸ12 kbp of the 5Ј flanking sequence, the untranslated first exon, and 29 bp of intron 1 (see Fig. 3 large promoter fragment is capable of directing reporter gene expression in transgenic mice. Analysis of CAT activity indicates that Xb12-driven expression is highest the stomach, followed by bladder, cornea, lens, and lung (trace) (Fig. 4A) . Although this is similar qualitatively to the pattern of ALDH3 expression in the mouse (see Fig. 1C ), it differs quantitatively from the expression pattern demonstrated for the endogenous mouse ALDH3 gene, in which corneal ALDH3 transcript levels are at least 500-fold higher than those detected in stomach and other tissues (see Fig. 1 A) . It is unlikely that this expression pattern was caused by the integration site of the transgene because similar results were obtained in four separate founder mice. The detection of significant CAT expression in noncorneal tissues indicates that the Xb12-promoter fragment lacks the regulatory elements required to reproduce the highly cornea-preferred expression pattern of the endogenous ALDH3 gene.
The higher than expected level of XP12͞cat transgene expression detected in a few noncorneal tissues that normally express ALDH3 at low levels suggests the possible involvement of silencing elements in producing the cornea-preferred expression of ALDH3. Indeed, the extreme lens specialization of crystallin genes has been shown to depend on an array of positive and negative control elements (36) (37) (38) (39) (40) (41) . In the case of chicken ␦1-crystallin, repression of gene expression in nonlens cells involves binding of the negative ␦EF1 transcription factor within the third intron (36, 39) . In the case of rat ␤B2-crystallin, a complex interaction between multiple silencing elements situated within intron 1 and the 5Ј flanking region of the gene appear critical for the developmentally controlled expression of this gene in the lens (40) . Consequently, to examine the possible role of intronic sequences in regulating A LDH3 expression, a second promoter construct (Ϫ1050INT͞cat) comprising 1,050 bp of the 5Ј flanking sequence, exon 1, intron 1, and 7 bp of exon 2 of the mouse ALDH3 gene (see Fig. 3 ) fused to the cat reporter gene was utilized to generate transgenic mice. Five independent lines of transgenic animals that displayed integration of the transgene were obtained, with three of these lines exhibiting significant cornea-preferred CAT activity (Fig. 4B) . Corneal CAT activity, although lower than that seen in Xb12͞cat lines, was consistent within each Ϫ1050INT͞cat transgenic line, with high, moderate, and low expressing lines corresponding to the relative transgene copy number observed. Histochemical localization reveals that ocular CAT activity in Ϫ1050INT͞cat transgenic mice is restricted to the epithelial layer of the cornea (Fig. 2 C and E) , reproducing the distribution of the endogenous ALDH3 protein (Figs. 2B and 3D) . A low level of extra-ocular cat expression was detected only in the liver of Ϫ1050INT͞cat mice (Fig. 4B) , a tissue in which uninduced ALDH3 expression was not detected by Northern blot analysis (see Fig. 1 A) . It is likely that this weak expression in the liver is due to the absence of upstream negative regulatory elements, recently demonstrated to block uninduced ALDH3 expression in rat hepatoma cells (34) , from the Ϫ1050INT͞cat promoter fragment. The lack of detectable cat expression in the livers of Xb12͞cat transgenic mice (see Fig. 4A ) supports this explanation. These results indicate that the regulatory sequences included in the Ϫ1050INT promoter fragment are capable of targeting reporter gene expression to the cornea, reproducing the corneal expression pattern of the endogenous mouse ALDH3 gene. The ability of these ALDH3 promoter fragments to direct reporter gene expression in transgenic mice indicates that the high expression of ALDH3 in corneal epithelial cells is controlled, at least in part, at the transcriptional level, similar to the expression of crystallin genes in the lens (42) . The lack of significant extra-corneal cat expression in Ϫ1050INT͞cat transgenic mice suggests the presence of silencing elements within the first intron of the mouse ALDH3 gene. Comparison of reporter gene expression in Xb12͞cat and Ϫ1050INT͞cat mice suggests that these elements act, possibly in conjunction with elements in the 5Ј flanking region, to block or repress ALDH3 expression outside the cornea, suggesting similarities with the proposed roles of the intronic sequences for the highly lens-preferred expression of the ␦-crystallin (36) and ␤B2-crystallin (40) genes. Additional experiments are required to identify and characterize the putative ALDH3 intronic silencer elements.
The transcription factors responsible for the high ALDH3 promoter activity in the corneal epithelium have not yet been identified. DNase I footprinting experiments indicate that AP1 and Sp1 are involved in expression of the rat ALDH3 gene in hepatoma cells (35) . AP2 and Sp1 are involved in the regulation of keratin gene expression in the cornea. K3 keratin expression in the differentiated suprabasal cells of the corneal epithelium is associated with an elevated Sp1͞Ap2 ratio (32, 43) , although AP2 activates basal cell expression of the K12 gene (44) . AP2 also has been implicated in the activation of gelatinase B expression in the corneal epithelium (45) . Another transcription factor that may be involved in regulating gene expression in the cornea is Pax-6. This transcription factor is expressed at significant levels in the corneal epithelium (46) , and consensus Pax-6 binding sites are found in the 5Ј flanking regions of the mouse ALDH3 gene (see Fig. 3 ) and other genes that exhibit significant corneal expression.
Because ALDH3 is believed to function in protecting the eye from UV and UV-induced oxidative damage, the ability of these stresses to influence corneal gene expression is of particular interest. Within the first kilobase pair of the 5Ј flanking sequence in both the mouse (see Fig. 3 ) and rat ALDH3 (34) genes are consensus binding sites for proteins known to mediate cellular responses to UV and oxidative damage (47) (48) (49) . Evidence that these UV-and antioxidantresponsive elements function in regulating ALDH3 expression is provided by a recent study in which ALDH3 levels were found to decline in rat corneal epithelia cultured in the absence of light although elevated ALDH3 levels were maintained in epithelia cultured under cycling light conditions (25) . Furthermore, ocular ALDH3 activity in mice raised in the dark was found to be significantly lower than that found in animals raised in a 12-h light͞dark cycle (50) . Although expression of ALDH3 in the mammalian cornea is generally referred to as ''constitutive,'' the likely involvement of these stressresponsive regulatory sequences in generating the profound levels of expression found in this tissue suggests that ''modulated constitutive expression'' would be a more accurate term to describe this phenomenon. The availability of a corneaspecific promoter that includes regulatory elements potentially responsive to UV and UV-induced oxidative damage will allow this question to be addressed in vivo.
By analogy with the studies on the lens and retina, the availability of a tissue-specific promoter provides a critical tool with which analysis of corneal development, function, and wound healing can be studied at the molecular level. The surface accessibility of the corneal epithelium also makes this tissue an attractive candidate for gene therapy, adding greatly to the usefulness of the Ϫ1050INT ALDH3 promoter fragment. We thus anticipate that use of this ALDH3 promoter fragment will provide the groundwork for the alleviation of corneal disorders.
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FIG. 4. ALDH3 promoter-driven reporter gene expression in the tissues of adult transgenic mice. (A) In Xb12͞cat transgenic animals (n ϭ 4), significant expression of the reporter gene, expressed as CAT activity, is seen in stomach, bladder, cornea, lens, lung, and spleen (trace) although not at relative levels consistent with expression of the endogenous ALDH3 gene (see Fig. 1 A and C) . (B) By contrast, transgene expression in Ϫ1050INT͞cat transgenic mice is restricted primarily to the corneas of mice from three independent transgenic lines (n ϭ 4 animals͞transgenic line). Very low levels of transgene expression are seen in the livers of animals from each transgenic line, with CAT activity ranging from 5 to 12% of corneal activity in the respective transgenic line.
